Introduction
Fungi are widespread within the soil and represent a considerable potential food resource for soil fauna such as nematodes, springtails, earthworms, flies and beetles, many of which graze on fungal mycelia and can substantially alter fungal morphology and physiology (Anderson, 2001; Harold et al., 2005; Pacioni et al., 1991; Rotherayet al., 2011) . The interaction between soil microarthropods and fungi deserves special attention because both groups represent major trophic and functional groups in the soil food web (Bóllmann et al., 2010) .
Soil fauna could have a positive or negative effect on fungal growth, dispersión and fruit body production. Such effects are likely to alter fungal fitness, and therefore their combativeness in interaction with other soil microorganisms, including fungi (Rotheray et al., 2011) . Various authors have described some mechanisms explaining the impact of soil microarthropods on fungal communities. For instance, Hanlon and Anderson (1979) indicated that microarthropod feeding activities can exert a strong differential effect on fungal and bacterial populations, and some reviews on arbuscular mycorrhizae and soil fauna interactions suggest that Collembola have the potential to restrict mycorrhizal functioning in the field (Fitter and Garbaye, 1994; Fitter and Sanders, 1992) .
It is less known, however, that certain communities of ectomycorrhizal (ECM) fungi can alter forest soil biogeochemistry, which could cause changes in microarthropod communities. Two important examples appear to be the truffle (Tuber Micheli ex Wiggers) brülés and the dense hyphal mats formed by ectomycorrhizal (ECM) fungi.
Various ECM fungal species have been found to form dense aggregations of hyphae, known as mats, which are prominent features in Douglas-fir forest ecosystems. These soils, densely colonized by the ECM fungi, créate a soil environment with different microbial activities when compared to non-mat forest soils. Cromack et al. (1988) showed increased TOC (total organic carbón) and N valúes in ECM-mat soils compared to non-mat soils. Kluber et al. (2010) indícate that ECM-mat soils show greater microbial biomass C (in mineral horizon) and enzyme profile differences (greater chitinase, phosphatase and phenoloxidase activity) compared to non-mat soils, and from 2.7 to 40 times more oxalate and lower pH than non-mat soils. Cromack et al. (1988) studied the interactions between soil fauna and some ECM mats and demonstrated that mites and springtails (and others, such as nematodes) are more abundant within ECM-mat-colonized soil compared to non-mat forest soils. These authors concluded that soil invertebrates, such as microarthropods, could utilize fungal-ECM-mat resources on an opportunistic basis, which could explain the observed dynamics of microarthropod communities in ECMmat soils.
Trees infected with the ECM fungi sometimes have an área around the trunk where the growth of other plants is inhibited either permanently or for part of the year. Some ECM fungi that produce these clearings, or brülés (burns), are Tuber aestivum Vittad. (summer truffle), Tuber melanosporum Vittad. (black truffle) and Scleroderma Pers. The Tuber mycelium produces múltiple substances that adversely affect young trees and seed germination, and fungal infection in the roots of weeds results in severe necrosis in the root cortices (Plattner and Hall, 1995) . Tuber mycorrhizal activity, mycelium growth and carpophore production take place inside the brülé, mainly behind the brülé line (Callot, 1999) . Some authors have explained the production and development of brülés (Granetti et al., 2005; Sourzat, 2004) but others have indicated that the ecological conditions relating to brülés are yet to be clarified García-Montero et al., 2009 , 2014a Ricard, 2003) . There is virtually no reference to the possible effects of Tuber species on soil fauna.
As with ECM mats, García-Montero et al. (2009) indicated that Tuber brülés can also alter soil biogeochemistry and some authors described how T. melanosprum brülés decreaseTOC in internal soils in relation to external soils (Callot, 1999; García-Montero et al., 2014a; Granetti et al., 2005; Ricard, 2003) . In calcareous Mediterranean áreas, García-Montero et al. (2014b) indicated that T. aestivum significantly increases soil pH and significantly decreases total carbonate in the internal soils of brülés compared to external soils. Moreover, in Mediterranean climates where Tuber spp. thrives, Mello et al. (2013) indicated that the lack of vegetation that occurs in their brülés could cause significant changes in light exposure and soil moisture level, leading in turn to water stress in the brülé soil, especially in the summer months.
On the basis of these considerations, the aims of this study were: (1) to increase knowledge of the ability of Tuber aestivum brülés to modify soil biogeochemistry; (2) to characterize soil microarthropod communities in soils affected by the presence of I aestivum brülés. We therefore compared the soil found inside a T. aestivum brülé with that observed outside the brülé (control) in terms of physical and chemical characteristics, biodiversity and abundance of soil microarthropods.
With regard to the latter indicator, we hypothesize that some groups may be affected negatively by the almost total absence of vegetation in the brülé, while others, especially fungivorous Collembola taxa, may find better conditions in the brülé in terms of habitat and/or trophic source. We conducted the study in three different áreas, one in Spain and two in Italy, to verify if the trend of soil chemistry and soil fauna would be confirmed in different áreas. We assumed that the two conditions, inside and outside the brülé, were characterized by the same climate, annual rainfall and tree presence, but had different grass and plant cover due to the direct action of the T. aestivum mycelium.
Materials and methods

Study áreas
The study was carried out in three Mediterranean áreas, two in Italy and one in Spain. Table 1 summarises the environmental characteristics of the study áreas. The municipalities and exact geographic coordinates of the studied brülés were not revealed, in order to maintain the secrecy of the Tuber brülé locations. A total of nine brülés characterized by the presence of T. aestivum were identified in each área. Soil samples were collected during T. aestivum fructification, June in Italy and May in Spain.
Soil analysis
The samples for soil analysis were taken according to FAO recommendations (FAO, 1990 ) from inside the holes made by the collectors to extract the carpophores in brülés with a significant production. Only the first 30 cm of each soil profile was studied because most Tuber form mycorrhizas and bear fruit in this range (Verlhac et al., 1990) . We collected 9 soil samples inside and 9 outside each brülé for chemical analyses. The following soil a Soil is characterized by dark coloration, high content of organic matter and exchangeable bases, high content of calcareous material (total calcareous comprised between 9.6 and 14.3%, active calcareous between 2 and 14%), pH comprised between 7.2 and 8.3 (detected in H 2 0) and high content of superficial stones.
b Soil with at least the beginnings of horizon differentiation in the subsoil evident from changes in structure, colour, clay content or carbonate content. Médium and finetextured. Materials derived from a wide range of rocks.
c Soil is characterized by brown colour, high content of exchangeable bases, organic matter comprised between 3% and 7%. They are characterized by the high content of calcareous material (total calcium carbonate comprised between 7 and8%, active calcium between 3 and 7%), pH comprised between 7.2 and 8.3 (detected in H 2 0). analyses were conducted: pH (in water), using the ISRIC (1995) method; total organic carbón (TOC) in the Spanish samples, using the ISRIC (1995) method; TOC in the Italian samples, using Ball's method (Ball, 1964 ) (using loss of weight on ignition and the Van Bemmelen conversión factor); and moisture content (%), using the gravimetric method.
Soil microarthropod extraction
Soil samples were taken inside each brülé (more or less centrally) and outside it (at least 5 m from the brülé edge). A total of 54 soil samples were collected (18 in each área, 9 inside the brülé and 9 outside). Each soil sample measured 100 cm 2 and was taken at a depth of 10 cm. Microarthropods were extracted using a Berlese-Tüllgren funnel. The specimens were placed in a preserving solution (75% ethyl alcohol and 25% glycerol by volume) and identified to different taxonomic levéis (class for Myriapoda, order for Hexapoda, Chelicerata and Crustácea, and family for Collembola). The organisms belonging to each taxon were counted in order to estímate their density at the sampling depth (10 cm), extrapolating the number of individuáis to 1 m 2 (ind/m 2 ).
Soil biodiversity índices
The biodiversity of soil animal communities was evaluated using the number of observed taxa (NT), the Shannon diversity index (H') and Pielou's evenness índex (J). The latter two Índices were calculated using the number of specimens observed in each sample for each taxonomic level.
Soil biological quality was estimated by applying the Acari-toCollembola ratio (A/C, Bachelier, 1986) , the QBS-ar index (Parisi et al., 2005) and the QBS-c index (Parisi and Menta, 2008) . The A/C index represents the biodynamic conditions of the soil. Under good stable conditions, the percentage of mites is higher than that of springtails, while it tends to decrease in favour of springtails in degraded situations. The QBS-ar index was developed in order to combine two important aspects regarding soil microarthropods: (1) their presence in the soil, intended as biodiversity; (2) the level of microarthropod adaptation to the soil, intended as vulnerability. This index is based on the idea that a high number of microarthropod groups (biodiversity) well adapted to soil habitats (vulnerable to soil perturbation) indicates a good soil biological quality. The QBS-ar index is applied to the soil microarthropod community, divided in accordance with the biological form approach(sensu Sacchi and Testard, 1971 ) in order to: (1) evalúate the microarthropods' level of adaptation to Ufe in the soil environment (Parisi, 1974) , and (2) overeóme the well-known difficulties of taxonomic analysis to species level for soil mesofauna. Edaphic microarthropods are known to display morphological characteristics that give evidence of adaptation to soil environments, such as reduction or loss of pigmentation and visual apparatus, streamlined body form, with reduced and more compact appendages (hairs, antennae and legs), reduction or loss of flying, jumping or running adaptations and a reduced waterretention capacity, e.g. thinner cuticle and a lack of hydrophobic compounds on the outer surface (Parisi, 1974) . By focusing on the presence of these characteristics, and not requiring complex taxonomic identification to the species level, QBS-ar analysis can also be used by non-specialists. The main phases for obtaining the QBS-ar valúes are: (1) soil sampling; (2) microarthropod extraction; (3) preservation of the collected specimens; (4) determination of biological forms and assignment of the ecologicalmorphological index (EMI); and (5) calculation of the QBS-ar index as the sum of the EMI valúes (Parisi et al., 2005) . The EMI is a valué assigned at each taxonomic group and ranges from 1 to 20, from the lowest to the greatest adaptation to the soil. For more details see Gardi et al. (2008) ; Tabaglio et al. (2009); Menta et al. (2011); Blasi et al. (2013) and Menta et al. (2014) .
Because of the important role played by springtails in the litter turnover, an index based exclusively on the Collembola community was applied. This index, named QBS-c, is calculated using the biological form approach (Parisi and Menta, 2008) . Like the QBS-ar, the QBS-c is based on the principie of the greater vulnerability of organisms that are well adapted to the soil conditions. After soil extraction, Collembola were separated and classified at a family level. For each family, the biological forms with different EMI valúes (ranging in relation to the level of adaptation to the soil, from 0 = no adaptation to 40 = máximum adaptation) were recorded. The sum of all the EMI valúes associated with the biological forms identified in the samples gives the QBS-c valué (Parisi and Menta, 2008) . Organisms belonging to the Folsomia (Isotomidae) genus were classified separately because they displayed a different trend compared to their family.
Statistical analysis
The Wilcoxon test was conducted to highlight differences in physical and chemical parameters between inside and outside the brülé.
To characterize soil fauna community in the three áreas, comparisons of both densities of organisms and Índices were carried out. Taxon densities were transformed into ^(X+0.5) to avoid the problem of zeroes. The two-way ANOVA were applied, (área vs. burn) to highlight differences among the density groups; the influence of the study área and the position inside or outside the brülé was investigated. Tukey's pairwise for the comparison of significant valúes (p-value <0.05) was carried out for post-hoc analysis. Index data were analysed untransformed and compared using the Wilcoxon test for paired samples to highlight differences between soil fauna inside and outside the brülé. The same test was applied to highlight differences in the Collembola densities inside and outside the brülé. All the statistical analyses were performed using R 3.0.1 statistical software (R Development Core Team, 2013). Table 2 shows the physical and chemical properties of the soil samples collected inside and outside the T. aestivum brülés. Many of the soil samples had a moderately alkaline pH. Levéis of TOC were modérate.
Results
Soil characterisation
The results of the Wilcoxon test indicated that TOC, organic matter and pH differed significantly according to the location of the soil, namely whether it was inside or outside the brülés. Organic matter and TOC content were significantly lower (considering p < 0.1) in the soils collected inside the brülés, in áreas I and III. In área II the difference between the two environments was not significant. pH was significantly higher inside compared to external soils in the three áreas, while water content was higher outside in área III.
Microarthropod community
A total of 9329 specimens belonging to 19 taxonomic groups of soil microarthropods (distributed between Chelicerata, Crustácea, Myriapoda and Hexapoda) were identified from the 54 soil samples collected. Table 3 shows the taxa found and the average and standard errors of taxa abundances (expressed as ind/m 2 ) for the three áreas. When considering the entire soil microarthropod community, Acari and Collembola were the most abundant groups. Coleóptera, Díptera and Hymenoptera, all adults, showed abundance, in some cases even higher than 1000 ind/m 2 . Pauropoda, Symphyla, Protura, Chilopoda, Hemiptera, Coleóptera and Díptera, the last two larvae, showed lower abundances. Pseudoscorpiones, Araneae, Isopoda, Diplopoda and Diplura were absent in several soil samples. Mycrocoryphia and Psocoptera were only sporadically present.
The two-way ANOVA showed significant differences between the three study áreas for Pseudoscorpiones (p: 0.036), Acari (p: 0.033), Pauropoda (p: 0.006), Symphyla (p: 0.059), Chilopoda (p: 0.004), Protura (p: 4.7 x 10~8), Collembola (p: 0.0002) and Coleóptera larvae (p: 0.036), and between inside and outside the brülé for Acari (p: 0.040), Pauropoda (p: 0.077), Symphyla (p: 0.021) and Hemiptera (p: 0.028). These differences were investigated using Tukey's test, the results of which are set out below.
Área I
In this área we found lower densities of microarthropods inside compared to outside the brülés (12,429 ind/m 2 inside and 25,861 ind/m 2 outside), and 15 taxonomic groups inside and 17 outside. The difference between the numbers of groups (NT) found inside and outside was statistically significant (Table 4) . Symphyla and Hemiptera abundances were significantly lower inside the brülés compared to outside (Table 3 ). The other microarthropod groups showed no significant trends, although in some cases (Coleóptera adults, Hymenoptera, and Lepidoptera larvae) abundances were higher inside the T. aestivum brülés compared to outside. On the other hand, the abundances were on average higher outside for the other groups, but the numbers of specimens belonging to these groups were too low, and the dispersión of the data was too high, to highlight any significant differences. An analysis of the Collembolan community showed significant differences between the densities of these organisms found outside and inside the burns (Table 5 ). Isotomidae was the most widely represented family, both inside and outside the burns, followed by the Hypogastruridae community collected outside the burns and the Tullbergidae family. The Wilcoxon test for paired samples highlights some significant differences for the Hypogastruridae, Isotomidae, Sminthurididae families, which show higher 
Table 4
Average and standard error of number of taxa (NT), microarthropod biodiversity Índices (H': Shannon diversity Índex and J: Pielou's evenness Índex) and soil quality Índices (A/C: Acari/Collembola ratio, QBS-ar and QBS-c based on microarthropods and Collembola respectively) detected in the soils collected inside and outside the Tuber aestivum brülés in the two Italian (áreas I and II) and one Spanish (área III) áreas; p-value: differences between inside and outside of the brülés. valúes outside the burns, and for the Folsomia genus, which displayed the opposite trend.
QBS-ar was the only Índex that was significantly lower inside the I aestivum brülés (Table 4 ).
higher densities inside the brülé, confirming what was observed in área I.
All the Índices calculated (Table 4) showed higher valúes outside the brülé, but the difference was significant only for the H' Índex.
Área II
We found a density of 7594ind/m 2 inside the brülés and 10,955 ind/m 2 outside (Table 3 ). In this área we found 13 taxonomic groups inside the brülés and 15 outside, and the number of groups was significantly lower inside than outside (Table 4) . Pauropoda abundance was significantly lower inside T. aestivum brülés compared to outside. Acari abundance was lower inside the brülés, showing relative frequencies ranging from 28% inside to 33% outside the brülés, and Hymenoptera adults showed highly variable relative abundance, ranging from 5% inside to 35% outside the brülés, but the differences were not significant. Coleóptera larvae and Symphyla showed relative abundance higher than 1%, but only outside the brülés. All the other groups found had relative abundance of less than 1%. Unlike área I, Protura reached high relative abundance in this área, ranging from 2.88% inside to 4.85% outside the brülés, but the differences were not significant. Chilopoda, Hemiptera and Coleóptera adults were not significantly higher inside the T. aestivum brülés compared to outside. Unlike área I, Collembola in this área reached a relative abundance of over 50% inside and 20% outside the brülés (difference not significant). An analysis of the families belonging to the latter group revealed a trend similar to that highlighted in área I (Table 5) , although the statistical results have not been confirmed. Almost all families showed higher valúes associated with samples collected outside the burns, but, in contrast with what we found in área I, the most abundant family, Isotomidae, showed higher valúes inside the burns. Folsomia genus showed
Área III
We found an average density of 6886 ind/m 2 inside the T. aestivum brülés and 8273 ind/m 2 outside. As in área II, Acari was the most representative group, reaching 74% inside and 71% outside the T. aestivum brülés, while Collembola was present with lower relative abundances (10% inside and 9% outside). The differences between inside and outside were not significant for either group. As in áreas I and II, Hymenoptera was, after Acari and Collembola, the group that reached the highest abundance, 1019 ind/m 2 and 3057 ind/m 2 inside and outside the brülé, respectively. Symphyla showed a relative abundance of 1.7% inside and 2.3% outside the brülé, while Coleóptera (larvae) and Lepidoptera (larvae) showed a relative abundance of about 1% both inside and outside the brülé. None of the other groups reached 1%. In all cases, the differences were not significant.
The analysis of the Collembola community failed to show any significant differences between the families identified. Nevertheless, some of them revealed the same trends as highlighted in áreas I and II. In particular, Isotomidae showed higher valúes outside the burns, as in área I, while organisms belonging to the Folsomia genus showed higher valúes inside the burns, as in both the other áreas. The Índices H', J, A/C, QBS-ar and QBS-c were higher outside the brülés, but the differences were not significant (Table 4) .
Differences between áreas
Tukey's test highlights significant differences between the two Italian áreas outside the brülé for Pauropoda (p: 0.0024), Chilopoda Table 5 Average and standard error of collembolans abundances (ind/m 2 ) detected in the soil collected inside and outside the Tuber aestivum brülés in the two Italian (áreas I and II) and one Spanish (área III) áreas; p-value: differences between inside and outside of the brülés. (p: 0.0027), Protura (p: 0.0001) and Hemiptera (p: 0.026). Pseudoscorpiones (p: 0.058), Chilopoda (p: 0.053) and Collembola (p: 0.005) showed significant differences between the Italian central área outside the burn and the same Spanish área. Protura showed significant differences between the north Italian área and the Spanish one, both inside and outside the burn (p: 0.024 and p: 0.00004, respectively), and between the two Italian áreas inside (p: 0.012). Lastly, we found significant differences for Collembola between the north Italian área and the Spanish área inside the burns (p: 0.005).
Families
Discussion
This study aimed to highlight the differences in soil fauna between inside and outside the brülé, as a consequence of the different environment created by T. aestivum. Our results and other studies (García-Montero et al., 2014b) confirmed the ability of T. aestivum to modify soil biogeochemistry in the brülé: pH was higher and total organic carbón tended to be lower inside the brülé compared to outside in the three áreas investigated. The TOC outcome confirms for T. aestivum the results of previous studies on T. melanosporum brülés (Callot, 1999; Granetti et al., 2005; García-Montero et al., 2014a; Ricard 2003) . The decreasein soil TOC inside both Tuber brülés can be explained by the ability of both Tuber spp. to minimize the C inputs and turnover, by removing vegetation and other fungus populations from their brülés (Benucci et al., 2011; García-Montero et al., 2014a; Mello et al., 2011 Mello et al., , 2013 Napoli et al., 2010) . Gryndler et al. (2013) found that the concentration of T. aestivum mycelia in soil is high compared to other ectomycorrhizal fungi, but the concentration of extraradical mycelium in the soil of T. aestivum (Gryndler et al., 2011 (Gryndler et al., , 2013 and T. melanosporum (Parladé et al., 2013) brülés cannot be compared with the soil densely colonised by ECM-mat fungi (covering up to 40% of the soil surface), showing increased TOC (total organic carbón) and N valúes in mat soils compared to non-mat soils (Cromack et al., 1988; Kluber et al., 2010) . Therefore, a decrease in soil organic matter content and increase in soil pH inside T. aestivum brülés, together with other factors associated with the reduction of plant cover (such as variations in soil moisture content, temperature and luminosity), could negatively affect the soil fauna in the brülés. The findings showed that, like the Collembola families, Hypogastruridae, Sminthurididae and Isotomidae in área I, Symphyla and Pauropoda were more present (in terms of abundance and frequency) outside the T. aestivum brülé, but this trend was not confirmed in the other two áreas. Within the Isotomidae family, Folsomia genus showed higher abundance inside the brülé in área I and this trend seems to be present in the other two áreas. This result suggests that the conditions created by T. aestivum inside the brülé do not have a negative impact on Folsomia genus. This could be due to the group's well-known ability to graze on fungi and hyphae, and T. aestivum brülés could contain a good trophic resource for this genus. A study pointed out that the presence of spores and extraradical mycelium of arbuscular mycorrhizal hyphae was documented (Hodge, 2000) in the gut contents of Folsomia candida. Rotheray et al. (2011) reported that Collembola play a role in determining fungal species combativeness during interactions, with a potential effect on species assemblages and diversity. They reported that the fungal response to Collembolan grazing during interspecific interactions appears to vary according to the combination of grazer species and the identity of the interacting fungi. Hanlon (1981) demonstrated that grazing by Collembola in cultures grown in low-nutrient media produced a significant decline in fungal activity in comparison with controls. Grazing by animáis in cultures grown in high-nutrient concentrations did stimulate fungal respiration, however. As suggested by Crowther and A'Bear (2012) in soil microcosm studies, the grazing impact of woodlice (Oniscus asellus), Collembola (Folsomia candida) and millipedes (Blaniulus guttulatus) on the foraging and distribution of two saprotrophic cord-forming basidiomycetes was not only taxon-specific, and within taxa, species-specific but also density-dependent. Larger populations of the three invertebrates limited mycelial development to a greater extent. In another study Gange (2000) showed that some mycorrhizal hyphae are not stimulated to grow at low Collembolan densities, but grazing is detrimental at high densities. At intermedíate densities, the preferential removal of small-diameter mycorrhizal hyphae towards the exterior of the mycelium may result in proliferation, and consequently an increase in benefit for the host plant through mineral uptake. In a recent paper, A 'Bear et al. (2014) proposed that the increased grazing pressure can counteract, or even amplify, warming-induced stimulation of mycelia growth. In addition, other authors indícate that mites are an important variable in studies of fungal growth during grain drying and storage (Armitage and George, 1986; Sinha and Mills, 1968) . It is therefore important to investígate not only grazing pressure due to the Collembola but also the effects of other taxa, which are generally less abundant but play an important role in the soil microflora regulation. Therefore, our results only partially confirmed the initial hypothesis that T. aestivum, by altering soil biogeochemistry and vegetation cover, causes differences in soil microarthropod community, as happens with microarthropod communities in ECM-mat soils (Cromack et al., 1988) . We did not in fact observe a univocal trend in the T. aestivum brülés since some microarthropod groups were less abundant in brülés and others more abundant. We can suppose that some microarthropod groups, in particular Folsomia genus, may be attracted by the fungal metabolites produced by the mycelium of I aestivum, while others may find an unfavourable environment in the soil of the brülé. Tuber spp. are symbiotic fungi that depend closely on other organisms to complete their lifecycle. T. aestivum emits volatile organic compounds (VOCs) to attract animal vectors for spore dispersal and possibly other functions (Pacioni et al., 1991; Splivallo et al., 2011) . Bellina-Agostinone et al. (1987) found that thiobismethane or dimethyl sulphide is the main VOC compound in T. aestivum. There are strong indications that thiobismethane emissions are recognized by insects and mammals (Culleréa et al., 2010; Díaz, 2002) . It is possible that the VOCs play an important role in the microarthropods abundance regulation in the brülé.
Moreover, our study contributed to highlight differences, in the microarthropod community, not only between inside and outside the brülés but also comparing the three study áreas. Further studies will therefore be required to analyse the biological role play by the different microarthropods, the vegetation phenology (outside the brülés) and the different climatic conditions in the three study áreas.
In conclusión, this study confirmed that the soil in T. aestivum brülés differs partially in terms of pH, TOC, organic matter content and soil microarthropod community, from the soil around it. The three taxa showing differences between these two "environments" were Pauropoda, Symphyla and Hemiptera, suggesting that the conditions in the brülé negatively affected these groups. Among springtails, Hypogastruridae, Isotomidae and Sminthurididae were significantly lower inside the brülés compared to outside, while Folsomia genus seems to find favourable conditions in the brülé, in spite of reduced vegetation cover. We hypothesize that Folsomia genus may be attracted by the fungal metabolites produced by T. aestivum, and, in relation to their high abundance in the brülé, could be of interest in Folsomia ecology and T. aestivum ecology and truffle culture. It would be interesting to understand the relationship between Folsomia abundance and T. aestivum fructification and body fruit production and determine whether there is a range of Folsomia abundance within which T. aestivum can be favoured in its fructification and above which fructification can be depressed, as reported for other fungi with regard to funguscolonised soil.
Lastly, several questions regarding the relationship between soil fauna and T. aestivum brülé are still open. The next stages of this study would be to determine whether there are fluctuations in terms of presence and abundance of soil microarthropods (especially the less-studied groups, such as Protura and Symphyla) directly or indirectly correlated to the different development and fructification of T. aestivum, and extend the research to other truffle species that cause brülé formation, such as T. melanosporum. Another aspect of interest would be to compare different soil fauna groups, not only arthropods, but also nematodes and earthworms. This would enable us to understand whether Tuber is able to créate a natural "microcosm", i.e. the brülé, as part of a larger macrocosm, the soil around it in terms of soil biodiversity and soil functionality.
